private dairy farms by May 2000. The milking robot is a technology that is shifting from the research stage to the implementation stage, though the number of implementations is limited in Japan. However, it has become clear that some farmers in The Netherlands have stopped using milking robots. The advertising catchphrase "Every farmer can easily use the milking robot at any time and in any place" is not true 31). We should avail ourselves of much more information about milking robots in use under various practical conditions.
In this review, I intend to describe the articles, reports, and documents concerning the milking robot that have been published in Japan, Europe, the USA, and Canada. I will also introduce the researches involved in the development of milking robots worldwide.
Development and progress of milking robots in
Japan and Europe A system for automatic milking was patented in 1971 in the former East Germany63). However, I
believe that the Japanese milking robot was the world's first robot to attach teat cups to cows successfully without human help54,63). A project called "Development of a new technology for labor saving in milking" was conducted at the Livestock Experimental Station of the Japanese Ministry of Agriculture, Forestry and Fisheries from 1972 to 1977. The project members consisted of engineers and animal scientists selected by the Livestock Experimental Station in Tsukuba, the Institute of Agricultural Machinery, the Shizuoka Livestock Experimental Station, and the Orion Machinery Co. The developed milking robot attached the teat cups to cows successfully, but the robot did not come into practical use because the necessary computer technology had not been developed yet. The robot couldn't follow the teats' movements in real time. Unfortunately, further development of the robot was suspended.
Notsuki54) recollected three points at that time: a) cows should not be restricted too tightly, b) teat cup sensors should detect movement in real time, and c) the teat cups held by the robot's arm should follow the movement of the cow. All these points are achieved in the present milking robots.
It seems regrettable that the development of the milking robot has been delayed in Japan.
The were concerned with automatic concentrate feeders, mastitis detection by electric milk conductivity, and activity meters to detect cows in estrus; only one presentation concerned the automatic teat cup attachments from West Germany56). The third symposium, on "Automation in Dairying," was held at the same place in The Netherlands in 1987. Of a total of 47 presentations, seven concerned the automation of milking, including three from the UK, two from West Germany, one from France, and one from Denmark. A symposium entitled "Prospects for Automatic Milking" was held at IMAG-DLO in November 1992.
The state of development of the milking robot of each country and each company in Europe was shown, and it was evident at this symposium that the milking robot was becoming a reality. 
Technology (MAT).
A Japanese original milking robot, named "Dairy Dream" (Fig. 1) , was on the market by November 1999. This robot is ready for a free-stall barn or a loose barn, not for a tie-stall barn.
The practical milking robot in Japan
The Prolion AMS was introduced to Obihiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan, in December 199334). Kubota Co. supported research projects at Obihiro University called "Development of efficient use a milking robot in practical farms in Japan". Before that introduction, the manager of IMAG-DLO spoke at the First International Symposium on Agricultural Technique for Cold Regions (ISAC) in Obihiro in 1988. He suggested that the milking robot would be practical as a dairy facility in The Netherlands in the near future 14). The AMS of Obihiro University was continuously used for five years, and a lot of know-how for its practical use was accumulated35,68). During those five years the improvement of teat cup attachments progressed rapidly. The milking routine by the robot has changed from fixed-time milking to free-time milking or 24-h milking68).
The three-box type of Prolion AMS was experimentally introduced to a dairy farm in Hokkaido in 1995.
The farmer purchased it after the experimental period, and he is still using it. The same type of robot was In addition, detailed information about dairy farms in The Netherlands is available from the reports of the Agriculture and Livestock Industries Corporation4) and the Hokkaido Konsen Agricultural Experiment Station24). In these reports, a member of the investigative team described that the dairymen using the robot expected "labor saving for milking" and an "increase of milk production owing to the frequent milking." 4. Articles on milking robots for promotion in Japan
The staff of BRAIN summarized milking robots in the booklet "Investigation concerning automatic milking." The booklet6,7) contains many translations of the proceedings of the symposium "Prospects for Automatic Milking" from 1992. Matsuki45) and Okada55) were mentioned regarding the Japanese milking robot "Dairy Dream" developed by the MAT and Orion Machinery.
Advancing Livestock Technology started the project "Promotion of a practical automatic milking system" in 1997. That organization published two booklets that summarized much information about automatic milking systems both in Japan and Europe 2,3). A special edition of the Journal of the Japanese Society of Agricultural Machinery entitled "Current state and development of th e milking robot" was published in 199921, 25, 31, 34, 41, 54). Also, the journal Livestock Technology published a special issue on "Development, current state and future direction of the milking robot"26,78). The articles in these two journals provide many useful suggestions about milking robots, so I can recommend them for information on the situation of dairy automation in Japan. Investigative surveys of dairy farms using milking robots have been reported by several researchers, but unfortunately all these reports were written in Japanese28 pasturing management. Devir9-13) showed the idea of a total dairy control and management system which includes a decision making system, an automatic milking system, on-line sensor data that cover activity, body weight and body temperature, and off-line information. Hogeveen et al.23) of the Research Station for Cattle, Sheep and Horse Husbandry (PR) also reported on the importance of cow traffic. Kuipers43) has written comprehensively about robotic milking. b) Germany: Ordolff56,57), an authority on milking robots in Germany, sends not only information from Germany but from other European countries as well. Kremer42) and Artman5) described the milking robot in Germany. Pirkelmann58), of the Technical University of Munich, has pointed out the importance of feeding strategies in the automatic milking system at an early stage of development. 
Conclusion
Harvesting milk from cows should make farmers happy anytime.
However, it is also true that having to milk cows at least twice a day, at inconvenient hours, becomes stressful for some farmers who run large dairy herds. It is thought that the milking robot will bring about a major revolution for those farmers.
Such robots have now entered the implementation stage from the experimental stage. Since the reliability of the milking robot is improved, it seems that the voluntary visits of cows to milking stalls has become the most important factor for the success of these systems. In Japan about 90% of the cowshed is a conventional tethered-type barn.
Freestall barns account for only 5% of the total, although this has increased in the past 10 years. Many farmers are considering which is better a conventional milking parlor or a milking robot for their future. It is worrisome, however, that Japanese dairymen are not familiar with the management of unrestricted animals in the barn. Most cows in Japan also are unfamiliar with social behavior associated with free movement.
Though the milking robot is a technology on the way, it is becoming popular very quickly in Japan. Drastic changes in dairy practices will be expected not only for the farmers but also for the animals in the near future. 
